ABSTRACT Widespread management practices such as transgenic insecticidal crops inßuence the distribution and density of targeted pest species across the agricultural landscape. Natural enemies must cope with this altered distribution, and their response potentially inßuences the rate of resistance evolution in the pest. The purpose of this study was to examine spatial patterns of parasitism by the specialist parasitoid Macrocentrus grandii Goidanich (Hymenoptera: Braconidae) in response to the density of its host, the European corn borer (Ostrinia nubilalis Hü bner [Lepidoptera: Crambidae]). When we manipulated host distribution and observed resulting patterns of wasp density and parasitism, we found that the smallest host aggregations had the lowest parasitism, but only when not associated with larger host aggregations. A subsequent Þeld experiment conÞrmed that proximity to large host aggregations increased parasitism in small host aggregations. Theory indicates that such positive density-dependent parasitism should accelerate the evolution of toxin resistance in pest species, but our study suggests that close spatial proximity between insecticidal crops and refuges may help equalize M. grandii parasitism and that simple management techniques such as in-Þeld refuges could potentially increase the complementarity of transgenic and biological control of European corn borer in this system. Further research is needed, however, before extrapolating the results of our small-scale study to Þeld-level patterns and concluding that M. grandii will necessarily hasten resistance evolution in the European corn borer.
THE SPATIAL DISTRIBUTION OF organisms plays a crucial role in determining the ecological and evolutionary interactions of their populations (Tscharntke and Brandl 2004) . Agricultural management practices can inßuence this spatial distribution across a landscape both for pest species that exploit agricultural crops and the predators and parasitoids that can potentially control pest populations (Mineau and McLaughlin 1996 , Barbosa 1998 , Letourneau and Goldstein 2001 . For example, the recent introduction of transgenic insecticidal crops (TICs) has had a major effect on the distribution of targeted pests, inducing high mortality and drastically reducing their density within TIC Þelds (Burkness et al. 2001 (Burkness et al. , 2002 . For specialist natural enemies that are dependent on these pests, it is selfevident that where there is no host, there is no specialist natural enemy. It would be an oversimpliÞca-tion, however, to view the transgenic landscape as one devoid of hosts. First, there are likely to be many hosts in nontoxic refuge plantings, which are required to be planted in close proximity to insecticidal crops to decrease the selective pressure exerted by the toxic crop and delay the evolution of resistance (Comins 1977 , Alstad and Andow 1995 , EPA 2002 . Second, if the herbivore is a generalist, the parasitoid may Þnd hosts in other, nontransgenic crop species. Finally, even within the insecticidal crop, hosts may not be completely absent (e.g., Burkness et al. 2001) , either because there may be individual plants within the Þeld that do not express the toxin (Flint and Parks 1999) , because some plant tissues show reduced expression of the toxin (Fearing et al. 1997) or because there may be host genotypes that are resistant to the toxin (Tabashnik et al. 1990 , Genissel et al. 2003 . Therefore, the agricultural landscape is likely to be a complex mosaic of host distribution and density.
For the host, susceptibility to parasitism consequently depends on the parasitoidÕs response to this variable distribution, and the spatial context in which the host is located. For example, some parasitoids concentrate their efforts where host densities are highest, incurring direct density-dependent parasitism in their hosts (Umbanhowar et al. 2003) , but this pattern is far from universal (Hassell 2000) . Some authors (Veldtman and McGeoch 2004) have argued that the prevalence of density dependence may be underestimated because the relative spatial proximity of host patches to each other is likely to inßuence patterns of parasitism, but is rarely explicitly incorpo-rated into tests of density dependence. Such spatial proximity effects might result in either reduced or enhanced parasitism of the host in a particular location, depending on the behavioral and movement characteristics of the parasitoid. Hosts in less preferred patches (e.g., lower host density patches) may be overlooked by searching parasitoids in favor of nearby preferred patches, resulting in reduced parasitism in the less preferred patch, a pattern referred to as "associational resistance" in the vegetational diversity literature (Tahvanainen and Root 1972, Andow 1991) . However, if parasitoid activity is increased around preferred patches, nearby patches that are less preferred may receive enhanced parasitism (e.g., Brodmann et al. 1997) , a pattern referred to as "associational susceptibility" (Brown and Ewel 1987) or "spillover" (White and Whitham 2000) . Spatial proximity effects are commonly described with respect to habitat edges (Ries et al. 2004 ) and may be particularly relevant within the context of adjacent TIC and refuge Þelds. Differential parasitism across these habitats (or lack thereof) has important implications for resistance management among targeted pests and the complementarity of transgenic technology and biological control (Gould 1994 , Neuhauser et al. 2003 .
In this study, our primary objective was to examine spatial patterns of parasitism by the specialist parasitoid Macrocentrus grandii Goidanich (Hymenoptera: Braconidae) (also known as Macrocentrus cingulum, see van Achterberg and Haeselbarth 1983) in response to the spatial distribution and density of its host, the European corn borer (Ostrinia nubilalis Hü bner [Lepidoptera: Crambidae]). The European corn borer is susceptible to transgenic insecticidal corn that incorporates the Cry1Ab Bt toxin (Març on et al. 1999) . Bt corn has been increasing in prevalence throughout the corn growing areas of the United States and constitutes Ͼ40% of planted corn in some areas (USDA NASS 2004) . European corn borer densities are very low in corn Þelds that express Cry1Ab Bt toxin (Burkness et al. 2002) , likely causing a major shift in host distribution from the perspective of M. grandii. Previous studies on the spatial distribution of parasitism of the European corn borer have either been conducted at locations in which M. grandii was not a dominant parasitoid (Orr and Landis 1997, Bourguet et al. 2002) and/or were observational studies in which the spatial scale at which M. grandii might be responding to hosts was obscured (Onstad et al. 1991) . In this study, we experimentally manipulated European corn borer distribution to gain a better understanding of how spatial array and host density inßuence parasitism by M. grandii.
The European corn borer is a frequent pest of corn in the United States (Calvin and Van Duyn 1999) . In southern Minnesota, where these studies were conducted, the European corn borer is generally bivoltine (Palmer et al. 1985) , with a Þrst ßight from late June to early July and a second ßight throughout August into early September (Winnie and Chiang 1982) . Larvae overwinter in corn stubble and emerge as adults in early to mid-June when corn is in early whorl stages.
Females deposit egg masses on the underside of corn leaves (Huber et al. 1928) , from which neonate larvae disperse to feed solitarily on the exterior of the corn plant. As they grow, the larvae bore into the corn plant and feed in a succession of burrows, eventually pupating therein (Caffrey and Worthley 1927) . One of the primary natural enemies of the European corn borer in Minnesota is the introduced biological control agent M. grandii (Baker et al. 1949 ). This wasp specializes on European corn borer, attacking secondthrough Þfth-instar larvae (Parker 1931, J.A.W., unpublished data) . Host-Þnding by M. grandii is accomplished by female attraction to host-associated odors, as well as European corn borer host-plant odors (Ding et al. 1989, Udayagiri and Jones 1992) . This wasp typically induces Ͻ30% parasitism in European corn borer in southern Minnesota, although levels of parasitism up to 60% have been observed on occasion (Winnie and Chiang 1982, J.A.W., unpublished data) . No other larval parasitoids are prevalent in this system at this location (J.A.W., unpublished data).
Materials and Methods
Experiment 1. On 15 May 2000, we planted a 160 by 130-m Þeld at UMORE Park in Rosemount, MN, with Bt sweet corn (Syngenta variety GSS-0966) using standard agronomic practices. Seeds were planted at a depth of 4.4 cm, with 19 cm spacing between seeds within rows and 76 cm between rows. We overlaid a 10 by 10-m grid on the Þeld and created 80 plots as depicted in Fig. 1a . The experimental design was a blocked split-plot, with experimental factors to test the inßuence of (1) host density and (2) distance from M. grandii release points on parasitism of European corn borer by M. grandii. However, we do not include analysis of the second factor here because subsequent analysis has shown that M. grandii is highly mobile and that distance from release point is not a signiÞcant factor at the spatial scale of this experiment (J.A.W., unpublished data). We also excluded 16 of our 80 experimental plots from analysis because of a severe infestation of corn rootworm, Diabrotica spp. (Diabrotica virgifera virgifera LeConte, and/or Diabrotica barberi Smith and Lawrence, [Coleoptera: Chrysomelidae]; Fig. 1a ), and will discuss these elsewhere (unpublished data).
At planting, we excavated 2, 8, or 32 contiguous Bt seeds for each plot and replaced the seeds with the non-Bt near-isoline (Syngenta variety Prime Plus). The 32-plant plots had 16 non-Bt plants in each of two adjacent rows. No Bt plants occurred in these experimental non-Bt plots. Because this variety of Bt corn is toxic to European corn borer larvae, the use of a Bt corn matrix for our experimental plots allowed us to restrict larvae to our experimental plots, and control European corn borer distribution within our Þeld. We added a total of two European corn borer egg masses to each non-Bt plant: the Þrst was placed on 3 July and the second was placed on 6 July. This method allowed us to examine a wide range of host densities on a per area basis, while using a natural unit of infestation (the egg mass) on a per plant basis.
Our experiment corresponded to the natural seasonal development of European corn borer and M. grandii, although not the peak of the M. grandii ßight period. We therefore released Ϸ10,000 M. grandii (4600 wasps/ha) to augment the natural ßight, a rate well within peak ßight densities in a high density year (C. Hsu, unpublished data). These wasps originated from a laboratory colony that had been initiated with wild-caught M. grandii the previous summer. The colony was maintained at Ϸ25ЊC, 75% RH, and 16:8 L:D photoperiod. Colony wasps parasitized colony-bred European corn borer larvae that were maintained under constant light at Ϸ27ЊC and 50% RH. For the purposes of this experiment, mature broods of M. grandii were maintained at 5ЊC for up to 1 wk to accumulate a large number of wasps for simultaneous release. Preliminary studies showed that cold storage of broods for less than 1 wk had little effect on parasitoid emergence rates (78.7 Ϯ 3.9, 82.1 Ϯ 4.1, and 65.9 Ϯ 5.5% emergence for 0, 3, and 7 d of cold storage, respectively). The broods were warmed to room temperature on 10 July, at which point the majority of wasps emerged immediately. Naṏve wasps were maintained in large petri dishes with water and honey until release. The Þrst, larger release took place on 14 July and consisted of 7,300 wasps, of which 51.5% were female. These wasps were distributed evenly among 30 release sites (Fig. 1a) . We distributed an additional 2,300 wasps (47% female) evenly among the same 30 release sites on 17 July. The wasps in the second release had emerged on 14 July or later and had not been chilled.
We visually surveyed the experimental plots for the presence of M. grandii for 7 d starting on 14 July. Censuses were conducted in the morning, when M. grandii activity is high (J.A.W., unpublished data). All surfaces of each non-Bt plant within the plot were inspected with the aid of a mirror to disturb the plant as little as possible. The same amount of effort was invested in each plant (45Ð 60 s), such that 32-plant plots took Ϸ16 times longer to survey than 2-plant plots. We statistically adjusted for this inequality of sampling effort among plot sizes by comparing wasps observed per plant, as described below. We blocked our observations so that any potential observer or time-of-morning effects would appear as part of the block effect in our statistical analysis. Two to four observers concurrently surveyed the plots, with each observer inspecting all experimental plants within a block. Blocks were randomly assigned to observers on a daily basis.
Our response variable for the wasp observation data was the cumulative number of female wasps observed in a plot, summed across all of the daily censuses. We used Poisson regression to analyze the results but needed to modify the model to account for uneven sampling effort among plot sizes (number of plants sampled per plot) and adjust the response to wasps observed per plant. To do this, we speciÞed a model in Arc v. 1.04 (Cook and Weisberg 1999 ) that explicitly incorporated the interaction of plot size as a scalar coefÞcient with plot size as a categorical explanatory variable. We then used analysis of deviance to compare this model with a simpler model that included plot size only as a scalar (Cook and Weisberg 1999) . In this way, we were able to detect effects of plot size on wasp numbers independently of variation in sampling effort in the plot. Because plots of a given size occurred in pairs within a block, we included block as a categorical variable in our models and considered a pair of plots to be the experimental unit for statistical analysis. If we were unable to recover any European corn borer larvae from one or both members of the pair (which occurred in Þve pairs), that pair was excluded from analysis. Additionally, as mentioned previously, eight pairs of plots from the corn rootwormÐinfested part of the Þeld were excluded. Consequently, our Þnal data set had a sample size of 27 pairs of plots.
We began dissecting our experimental plants on 21 July, quantifying the number of recovered European corn borers per plot. All of the non-Bt plants within each plot were harvested concurrently, and all experimental plants within a block were dissected on the same day, over a period of 4 d. We returned each dayÕs collection of larvae to the laboratory and reared them on artiÞcial diet (Andow and Stodola 2001) until host pupation or emergence of the parasitoid. Larvae that died in culture in their Þfth and Þnal instar were examined microscopically for evidence of parasitism. Larvae that died before the Þfth instar were too small to exhibit signs of parasitism and were therefore excluded from the analysis.
To compare parasitism among plot sizes, we used logistic regression, with block and plot size coded as categorical variables (Cook and Weisberg 1999) . We used analysis of deviance to evaluate the overall signiÞcance of plot size and Wald tests on the regression coefÞcients to determine which of the three factor levels differed signiÞcantly from one another.
We also made within-plot comparisons of parasitism to address the possibility that differences in parasitism among our plot size treatments may have been caused by differential movement of parasitized versus unparasitized larvae, rather than differential parasitism by M. grandii. Nearly 100% of European corn borer larvae that moved outside of the non-Bt plots died from eating Bt tissue from these neighboring plants and were thus lost to subsequent sampling. Given the relatively high rate of larval movement in European corn borer (Ross and Ostlie 1990) , the higher edgeto-interior ratio of the smallest plots would be predicted to result in lower retention of larvae in these plots relative to the larger plots. Such differential retention of larvae across treatments is not an intrinsic difÞculty for between-treatment comparisons of parasitism, unless parasitized and unparasitized European corn borer larvae show differential tendencies to move. If this was the case, however, we would also expect differential parasitism between larvae recovered from plants on the edge versus interior of the larger plots, because edge plants would tend to retain a lower proportion of movement-prone larvae than interior plants. We therefore used analysis of variance (ANOVA) to compare the number of larvae recovered per plant across plot size treatments and between edge and interior plants in the larger plots (SPSS v. 7.5; Norušis 1997). We used logistic regression and analysis of deviance to compare parasitism between edge and interior plants in the 8-and 32-plant plots, with plot identity coded as a categorical variable. In a separate logistic regression analysis, we also tested whether recovered larval density per plant provided any explanatory power for among-plant differences in parasitism.
To determine whether proximity to larger plots might have inßuenced parasitism in the highly variable two-plant plots, we conducted a logistic regression analysis using adjacency to a large plot as a predictor. For this analysis, we used individual plots rather than pairs of plots. Two-plant plots that were 10 m from a 32-plant plot (eight plots) were considered to be adjacent; all other 2-plant plots (35 plots) were considered nonadjacent. We restricted our attention to the 32-plant plots in this analysis because the absolute number of wasps and larvae observed in these plots was highest, and we felt proximity to these plots was likely to have the largest effect. We used analysis of deviance to determine the signiÞcance of adjacency and measured the magnitude of the effect with the estimated regression coefÞcient.
Experiment 2. We speciÞcally tested whether proximity to larger plots inßuenced parasitism in small plots in a second experiment. In 2001, we set up eight central plots, four large (32 plants) and four small (four plants), each surrounded by four small (four plant) peripheral plots at a distance of 10 m (Fig. 1b) . These small and large plots of non-Bt sweet corn were once again embedded within a Bt sweet corn Þeld (190 by 110 m) at planting.
On 6 August 2001, when the corn was postanthesis, we placed 24 second-to third-instar European corn borer larvae on each of the central two plants within the small plots and each of the 32 plants in the large plots. These larvae had been reared in small wells containing artiÞcial diet (Andow and Stodola 2001) , 12 larvae per well. Two diet wells were placed on each plant, near the developing ears. Within a day, the diet desiccated, and the European corn borer larvae had moved onto the plant. After 2 d for larval establishment, we released Ϸ12,000 colony-reared wasps (5,700 wasps/ha, 45.6% female). This release rate was slightly higher than the previous study, but still within naturally occurring M. grandii densities (C. Hsu, unpublished data). The wasps were divided evenly into eight groups and released in the eight central plots. Six days after release, we dissected the four plants from each peripheral plot and returned the larvae to the laboratory to evaluate parasitism. These dissections took place over 2 d, with two pairs (16 plots) dissected per day. We summed the larvae from all four peripheral plots surrounding a central plot and compared parasitism of peripheral plots surrounding large plots to peripheral plots surrounding small plots using logistic regression and analysis of deviance with pair and central plot size coded as categorical variables.
Results

Experiment 1.
The mean cumulative number of female M. grandii observed per plot (ϮSEM) was 0.5 Ϯ 0.1 in the 2-plant plots, 5.3 Ϯ 1.3 in the 8-plant plots, and 17.7 Ϯ 3.8 in the 32-plant plots. When corrected for the number of plants observed in each treatment, we found that the number of female M. grandii observed per plant only differed marginally among treatments, with a tendency toward higher densities in 8-plant than 2-plant plots (2-plant plots ϭ 0.28 Ϯ 0.09, 8-plant plots ϭ 0.78 Ϯ 0.22, 32-plant plots ϭ 0.55 Ϯ 0.12 female wasps per plant; ⌬devi-ance ϭ 2.78, ⌬df ϭ 1, P ϭ 0.096). Within each plot size treatment, wasp observations were not a good predictor of parasitism. This is particularly evident within the two-plant plots, among which there were both plots that had parasitism but no wasps were observed (n ϭ 16 plots), and plots where we observed wasps but had no parasitism (n ϭ 8 plots). The former discrepancy can be explained by the relative brevity of wasp observation periods (a few minutes per day) relative to the entire period of European corn borer exposure to parasitoids in the Þeld. However, the presence of wasps in some plots where no parasitism was observed shows that absence of parasitism was not simply because parasitoids could not Þnd the plots.
We found evidence of positive density-dependent parasitism of the European corn borer by M. grandii. The odds of parasitism in the larger 8-and 32-plant plots were 1.73 and 1.71 times greater, respectively, than in the 2-plant plots (Table 1; Fig. 2 ). The proportion parasitism was virtually identical in the 8-and 32-plant plots, and did not differ signiÞcantly between these treatments. Lower parasitism in the two-plant plots appeared to be driven by the large number of plots (19/43 plots) in which no parasitism was observed. For two-plant plots in which at least one European corn borer was parasitized, proportion parasitism was comparable with the larger plots (0.279 Ϯ 0.033).
We found that plant location (edge versus interior of the plot) inßuenced the number of European corn borer larvae we recovered, but found no evidence that parasitism varied based on plant location within plots. We recovered signiÞcantly fewer larvae on the edge versus interior plants of the larger plots (edge plants: 5.3 Ϯ 0.7; interior plants: 6.7 Ϯ 0.3 larvae/plant; F ϭ 6.9, df ϭ 1,23.5, P ϭ 0.015), as would be expected because larvae show a high degree of interplant movement. However, if interplant larval movement was increased by parasitism, one would expect that the edge plants, which consisted of a lower proportion of movementprone larvae than interior plants, would have lower levels of parasitism than interior plants, and this was not the case. Parasitism was equally high between larvae recovered from these edge versus interior plants (edge ϭ 0.32 Ϯ 0.05, interior ϭ 0.28 Ϯ 0.02; ⌬deviance for inclusion of plant location in the model ϭ 0.002, ⌬df ϭ 1, P ϭ 0.96), indicating that if there was differential movement between parasitized and nonparasitized larvae, this difference was too small for us to detect. Thus, we have no reason to believe that the lower levels of parasitism we observed in the 2-plant plots were the result of differential movement between parasitized and unparasitized larvae, even though we recovered signiÞcantly fewer larvae per plant from the 2-plant plots (2-plant plots ϭ 3.5 Ϯ 0.3, 8-plant plots ϭ 6.4 Ϯ 0.4, and 32-plant plots ϭ 6.2 Ϯ 0.4 larvae/plant; F ϭ 12.2, df ϭ 2,26, P Ͻ 0.001). More generally, we found no relationship between number of larvae recovered per plant and proportion parasitism (⌬deviance for inclusion of host density per plant in the model ϭ 0.072, ⌬df ϭ 1, P ϭ 0.79).
Small two-plant plots adjacent to large plots had higher levels of parasitism than nonadjacent two-plant plots. We found that the odds of being parasitized were 2.4 times greater for European corn borers in 2-plant plots adjacent to 32-plant plots than in 2-plant plots that were not adjacent to 32-plant plots (⌬de-viance for inclusion of adjacency in model ϭ 4.85, ⌬df ϭ 1, P ϭ 0.028; Fig. 3a) . These data suggest a spatial spillover effect of parasitism from the 32-plant plots.
Experiment 2. Small peripheral plots that were 10 m from large plots received higher levels of parasitism than small plots not associated with large plots (Table  1 ; Fig. 3b ). We recovered comparable numbers of larvae from all peripheral plots (27.6 Ϯ 0.9 larvae/plot, 6.9 Ϯ 0.2 larvae/plant) and found that proximity to a large plot increased the odds of a European corn borer being parasitized by a factor of 2.5. This odds ratio is comparable with the adjacency effect observed in the previous experiment and conÞrms the hypothesis of parasitism spillover from large plots to small plots at a spatial scale of 10 m. In this experiment, 5/16 (32%) of small plots that were not adjacent to large plots were entirely lacking in parasitism, whereas only 1/16 (6%) of the small plots adjacent to large plots had no parasitism. For plots in which at least one larva was parasitized, parasitism was still substantially lower in peripheral plots that were not adjacent to large plots (0.14 Ϯ 0.02) than those adjacent to large plots (0.22 Ϯ 0.01; ⌬deviance ϭ 7.85, ⌬df ϭ 1, P ϭ 0.005), suggesting that the treatment effect is not simply explained by the presence or absence of parasitism among plots.
Discussion
In our study, we found evidence of a parasitism spillover effect from large to neighboring small plots. We suggest that large plots attract or retain more M. grandii than small plots and that the zone of inßuence for these large plots is at least 10 m. The spillover effect could occur either because (1) large plots have a disproportionately large attractive effect and inbound M. grandii stop to investigate nearby small plots or (2) M. grandii that Þnd large plots engage in area-restricted search over a range that extends 10 m or more beyond the boundaries of our 32-plant experimental plots. Modeling results (J.A.W., unpublished data) support either of these potential mechanisms. Natural host infestations are likely to be spatially aggregated, both because host eggs are laid in masses and because European corn borer females can show between-Þeld and within-Þeld discrimination among oviposition sites (Everly 1959 , Harmon et al. 2003 . Spatial autocorrelation among hosts would make it proÞtable for foraging M. grandii to exhibit area-restricted search (Kareiva and Odell 1987) , remaining in the vicinity once a host has been found. However, M. grandiiÕs perception of the vicinity may exceed the boundaries of our experimental plots. Natural infestations will rarely be as geographically distinct as our experimental plots, suggesting that M. grandii should not be particularly sensitive to infestation edges, and may wander into and out of infested areas. Our observation of parasitism spillover to neighboring small plots at a distance of 10 m implies that the local area of search could exceed this range.
We also observed direct density-dependent parasitism of European corn borer by M. grandii on a per plot level, but found that reduced parasitism was only evident in the smallest plots and only when the small plots were not in close proximity to larger plots. Consequently, our results support the contention that detection of patterns of parasitism may be sensitive to the spatial scale (Heads and Lawton 1983, Ray and Hastings 1996) , spatial distribution (Veldtman and McGeoch 2004) , and/or the absolute range of host densities tested (Roland 1986 ). The spatial scale of 10 m used in this study was arbitrary but fortuitous, in that it elucidated parasitism spillover effects from large to adjacent small plots, yet still allowed detection of direct density dependence among plot sizes. We did not Þnd evidence of density-dependent parasitism on a per plant basis, consistent with the general Þndings of previous studies (Onstad et al. 1991) , suggesting that M. grandii does not respond to host density at the scale of individual plants.
Until more is known about the foraging behavior of M. grandii in the Þeld, mechanistic explanations of the spatial patterns of parasitism generated by this species will have to remain speculative. Our wasp observation data does allow us to make some inferences about M. grandii efÞciency and movement, however. First, the presence of wasps in at least 8/19 (42%) of the unparasitized two-plant plots indicates that lack of parasitism in these small aggregations of hosts was not the result of poor plot Þnding ability, but rather poor host use efÞciency once within a plot, possibly because of the inability to parasitize host larvae feeding deep within the plant (see also Edwards and Hopper 1999) . While wasps may have parasitized some larvae that subsequently wandered out of the plot, it is clear that many, if not all, larvae escaped parasitism in these plots where wasps were visible present. Second, the presence of parasitism in 16 two-plant plots where we never observed a wasp suggests that parasitoids were frequently present at times when we were not sampling, which in turn implies that M. grandii may show relatively high levels of movement into and out of the plots and that wasps may not be prone to persisting in small plots after successful parasitism.
Resistance Management Implications. From the perspective of the European corn borer, our results indicate that sufÞciently isolated individuals may enjoy reduced parasitism by M. grandii. In a transgenic landscape, where low densities of hosts correspond to toxin-resistant individuals in TICs and high densities of hosts to toxin-susceptible individuals in nontoxic refuges, this result translates into reduced parasitism for toxin-resistant individuals relative to their susceptible counterparts. Theoretical models show that such an increased Þtness beneÞt to toxin-resistant individuals should increase the spread of resistance alleles in the host population (Gould 1994 , Neuhauser et al. 2003 and reduce the longevity of TICs as an effective pest management tool (McGaughey and Whalon 1992) . However, it would be premature to conclude that M. grandii will have a detrimental effect on resistance management efforts. The spatial scale of this study was small, and it is not clear how our results would scale up to Þeld level patterns. Within our study, it is likely that individual wasps encountered both high-and low-density aggregations of hosts. Under Þeld-scale conditions, areas of high and low host density are of larger geographic size, and individual encounter with both high and low host density areas may be less likely, depending on M. grandii scale of movement. Numerous studies have shown that previous experience can inßuence parasitoid foraging behavior (Visser et al. 1992, Thiel and Hoffmeister 2004) , thus a waspÕs behavior in low density host aggregations may differ depending on whether or not it had previously experienced a high density area. Therefore, we will need to investigate both the inßuence of previous host experience and the scale of movement of M. grandii before extrapolating our results to Þeld-scale patterns of distribution.
Even if differential parasitism by M. grandii is ultimately shown to encourage an increased rate of resistance evolution in the European corn borer, our study indicates that such effects could potentially be minimized by simple management techniques. In particular, our results suggest that more Þnely mixed environments that reduce the isolation of hosts in the transgenic crop could be used to minimize differential parasitism between hosts in insecticidal crops and refuges. Thus, it is possible that in-Þeld refuges such as strip refuges could be used to improve the complementarity of transgenic and biological control of European corn borer in this system.
